INTRODUCTION
Theobroma cacao L. (Sterculiaceae), also known as 'cocoa' or 'cacao', a cultivated tree of lowland tropical wet forest regions, is an economically-important. crop of Central and South America, and Africa (Purseglove 1974) . Several limiting factors, both intrinsic (genetic, physiological) and extrinsic (environmental), regulate fruit set in cocoa (Billes 1941; Cope 1962; Glendinning 1962; Alvim 1964; Leston 1970; Sale 1970; Eskes, Beele & Toxopeus 1977) . One extrinsic limiting factor is suspected to be pollination by insects (de Mire & Mbondjii 1975; Winder & Silva 1978) . Tiny midges (2-3 mm body length) of the dipterous family Ceratopogonidae are the principal pollinators of cocoa ( Fig. 1 ) in both the Old and New World tropics (Bystrak & Wirth 1978; Billes 1941; Posnette 1944; Soetardi 1950) . Several genera, but most prominently Forcipomyia (Euprojoannasia), are effective pollinators of cocoa as the floral morphology generally excludes or deters pollination by other insects (Bystrak and Wirth 1978) . Most varieties of cocoa are self-incompatible and therefore require an insect pollinator (Cheeseman 1944; Kaufmann 1975) . A central issue of cocoa pollination biology is the extreme scarcity of these midges in cocoa plantations (Winder & Silva 1972) . Herein I report for the first time that this can be significantly corrected in a farm by adding discs of rotten banana stems to the ground-litter, and that doing so increases fruit set on nearby trees. The results provide the first demonstration that pollinator abundance is limited by a lack of breeding sites, and fruit set by pollinator abundance. Cocoa is often grown in simple polyculture with one or two shade trees (Hunter & Camacho 1961; Edwards 1968) . Two features of cocoa farms, namely, the simple floristic structure of this agroecosystem, and the long-standing universal practice of 'ruthless cleaning' of the ground-litter are believed (Dessart 196 1) to depress the pollinator midge populations by destroying their breeding microhabitats, i.e. various kinds of rotten organic substrates. The result is drastically low pollination. Forcipomyia and other ceratopogonid midges breed and complete their life cycles in a variety of rotting organic substrates including cocoa pod husks, cocoa leaves, banana stems, jackfruit, and water-filled bromeliads (Saunders 1959; Winder & Silva 1972; Winder 1977a; Soria, Wirth & Besemer 1978; Fish & Soria 1978; Privat 1979; Young 1981a) . Winder (1977b) predicted that the number of pollinating midges could be increased in cocoa farms by increasing the availability of rotten organic substrates suitable for breeding and completion of the life cycle. Under the assumption that midge-mediated pollination is a limiting factor in the natural yields of cocoa pods (fruit), I conducted a series of field experiments in which the abundance of potential breeding sites was manipulated in two distinct cocoa farms at one locality in northeastern Costa Rica. Phenological studies on cocoa trees provided data on flower and fruit production while these experiments were underway.
MATERIALS AND METHODS
The study locality is a 4000-acre farm complex, 'Finca La Tirimbina', about 8 km east of La Virgen (10°23'N; 84O7'W), Heredia Province, Costa Rica. The region is Premontane Tropical Wet Forest. Two farms within 5 km of each other contain cocoa trees of approximately the same age (7-10 years) and hybrid origin (J. R. Hunter, pers. comm.) . The two sections studied are each about 1600 m2 in area, representing approximately 20% of the total area of each farm. The El Uno farm is a relatively simple agroecosystem consisting of cocoa mixed with rubber trees (Hevea brasiliensis-Sterculiaceae) while La Tigra consists of cocoa mixed with bananas (Musa sp.) and various wild trees including Cecropia sp., Porouma aspera, Goethalsia meiantha and Tremea sp. The Hevea trees in El Uno form a uniform canopy over the cocoa while the scattered patches of bananas and wild trees in La Tigra form an irregular and fragmented canopy. Thus cocoa trees in La Tigra are evenly exposed to sunlight throughout the year while those in El Uno receive maximum exposure only near the end of the dry season when the Hevea trees drop their leaves. Shade cover on cocoa trees in El Uno is approximately 60% at 10.00 hours during the wet season but drops to about 30% by the end of the dry season. Shade cover in La Tigra is about 20% throughout the year, The many wild tree species endow the La Tigra plantation with a heterogeneous ground-litter. Bromeliads are abundant in canopy trees in both farms and also in surrounding forest trees.
The greater sunlight exposure of cocoa trees in La Tigra enables more energy to be devoted to the production of flowers there than in the well-shaded El Uno plantation. From frequent inspections of the ground litter in both farms, it was evident that flower drop was high throughout the year, presumably because of poor pollination: if newly opened cocoa flowers are not pollinated within 24-48 h, they drop off the trees. Insect visitors to flowers are principally ceratogoponid midges, aphids, and ants. Previous studies have shown that aphids, ants, and stingless bees are not effective pollinators of cocoa (Winder 1977a; Winder & Silva 1972; Hernandez 1965; Young 1981b) . Study sites within each farm for phenological studies of cocoa and midge populations were selected around mature, healthy trees with long histories (J. R. Hunter, pers. comm.) of flowering and fruit (pod) production (Fig. 1) . A sample of twenty-eight trees was selected in each plantation and the monthly patterns of flowering and fruiting recorded for each tree. Each was examined for 14 months (August 1978 -October 1979 for numbers of new buds, open flowers, young fruit, large fruit, and aborted fruit (pods). The trees selected were similar or identical in variety, size, and overall healthiness. They were also on the same topographic formations and with similar conditions of shade cover. This was the maximum number of trees that could be examined accurately within a single day for the phenological data needed.
At La Tigra metal pins were gently placed adjacent to all flower cushions bearing new buds on four cocoa trees on 23 March 1979. Later, on 27 June 1979 the marked buds were examined again and those giving rise to young fruit and those lost by flower drop counted. Although for cocoa, several weeks are required before fruit set is seen, these observations show the fate of marked buds but my results provide an underestimate of fruit set for the 3-month period because new buds appearing after 23 March were not marked. The frequency of tagged positions without fruit gives an estimate of total flower drop for each tree. The pins were not placed in the flower cushion as this is the site for differentiation and attachment of the open flower (Lent 1966) ,
The distribution and abundance of larvae, pupae, and adults of ceratopogonid midges in the farms were measured over the same 14 successive months. The resident species of ceratopogonid midges in each farm were determined by collecting adults from cocoa foliage and flowers, and larvae and pupae from rotting litter on the ground. Prior to the initiation of the experimental studies in August 1978 I collected measured quantities of leaf-litter from beneath cocoa trees, and of rotting, fallen trunks of banana trees. Thus four times during the periods June-July 1978, February-March 1979 and August 1979, I collected a total of 4.82 kg of wet leaf-litter from each farm, and from each of five different places within each farm. For the same periods, a total of about 610 kg of rotting banana stem, 3-5 pieces per farm, were collected each month. I used these preliminary limited data to estimate species composition and abundance of midges in each farm. At the same time I examined 10-14 flowering trees in each plantation each month, spending approximately the same length of time at each tree. My counts were generally made between 7.30 and 11.30 hours and the midges placed in vials. On each tree, flowers were examined or gently flicked with a finger to dislodge midges inside them. I traced the movements of those that flew away (although I often failed) until they landed, when I gently placed an open dry shell vial (4 drams) over the insect and capped it. I also gently tugged branches with leaves and flowers to dislodge and capture midges.
I also tried to estimate experimentally the populations of midge larvae and pupae in cups of leaf litter suspended in cocoa trees ('simulated bromeliads'), boxes of ground leaf litter, and discs of rotten banana stems strewn on the ground. Three kinds of experimental breeding sites (Fig. 2) were provided on both farms. They consisted of (a) ten replicates of 2 x 2-m wooden square frames each 30-cm high and filled with rotten cocoa leaves or cocoa leaves mixed with rotten cocoa pod husks and placed one per tree in the litter under cocoa trees ('box litter'), (b) twenty replicates of debris-filled (rotten cocoa leaves, cocoa pod husks, and banana stem fragments) large plastic cups ('simulated bromeliads') suspended one per tree from low flowering branches of cocoa trees (cups courtesy of 
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Sweetheart Corporation, Chicago, Illinois; each cup 15-cm diameter x 8-cm deep and perforated at bottom to permit drainage), and (c) seven replicate plots of ground-litter each containing about forty discs of freshly cut banana stems totalling 300 pieces per plantation per experiment. The stems were placed with a cut end down on the litter. Each disc was approximately 15-cm diameter x 6-8 cm thick. Only freshly sliced (with a machete) discs were used, but the time interval of 3-4 months between counts was sufficient to allow considerable rotting to take place. The distribution of the thirty-seven experimental treatments in each site is shown in Figs 3 and 4. Since twenty-eight other trees in each were used for measuring flowers and fruiting phenologies, data from sixty-five trees per plantation or a total of 130 trees were obtained in this study. Experimental treatments and control plots were placed among cocoa trees in each plantation, where the canopy height, topography, and litter were uniform. I therefore assumed that the microhabitats within each of the two areas were also uniform. Treatment and control plots were mixed within each farm and replicates were often adjacent or close to one another (Figs 3 and 4) because the area was small, trees uniformly spaced, and habitat rather uniform. The distributions of plots was not randomized in each farm, but because of their unusual uniformity in both farms I am assuming a minimal bias. The controls consisted of ten replicate areas in each farm of 2 x 2-m square patches of natural ground-litter underneath cocoa trees. Furthermore rotting banana stems were collected whenever discovered every 3 months in each farm, and the midges collected from them.
The object of the experiment was to determine the species composition and abundance of the larvae and pupae of ceratopogonid midges in the experimental habitats and in control areas over the same periods. The three treatments considerably increased the quantity of substrates available in both farms: box litter by approximately 60%; simulated bromeliads by 100% (natural bromeliads absent within cocoa canopy height range); discs of banana stems by approximately 90% over the natural amounts of these substrates present in each farm. Single replicate volumes for treatments and controls were estimated to be: natural ground-litter-0.12 m3; thickened ground litter-0.20 m3; banana stems-0.02 m3; simulated bromeliads-0.15 m3. The discs of rotting banana stems represented the smallest increase by volume in substrate for midges. Since it is known that many genera and species of ceratopogonid midges, including cocoa-pollinating forms, utilize the natural leaf litter, debris in bromeliads, and rotting banana stems as breeding substrates (e.g. Winder 1978) , I assumed that they would also use that provided experimentally.
The experiments with box litter and simulated bromeliads ran concurrently in both farms for the full 14 months to October 1979 with midge censuses taken at four different dates approximately 3 months apart. The discs of banana stems were not used until March 1979 and were replaced only once with two censuses at approximately 3-month intervals. A midge census consisted of collecting all of the litter, to ground-level, from each replicate separately of a treatment in plastic bags, and then sorting it for ceratopogonid midge larvae, pupae and pupal cases. The sorting technique used in this study found only the larger larvae and pupae of midges and it is estimated that more than 80% of the larvae counted were penultimate or final instars. All replicates for both farms were examined within a 2-3 day period. Litter pieces (leaves, cocoa pod husks, etc.) were thoroughly checked with a powerful hand lens. Most specimens were sorted and placed in 70% ethanol for taxonomic determinations, but some were kept alive in litter-filled vials and reared to the adult stage. At each census, the removed litter was completely replaced with fresh but washed litter taken in the same farm. A field reference collection was made from determined material to assist with other censuses. Once established, the object was to allow midges to colonize these substrates (Fig. 2) . It was assumed that changes in the abundance of larvae and pupae in experimental plots relative to the controls would be reflected by similar data changes in the adult populations.
Following the final census of Midges in the rotten banana stems in both farms, the abundance of new fruit was recorded for cocoa trees within all experimental and control plots. These data represent the effects of increasing various kinds of rotten organic substrates used by pollinating midges as breeding sites, on the fruit set of cocoa. I examined all fruitbearing cocoa trees within the various groups of experimental and control plots in both farms in September 1979. Final counts of midges in the substrate treatments were taken in early October 1979. I recorded the number of new fruit (pods) on each tree, as I wanted to see if cocoa trees within experimental plots had a significantly greater number of new fruit than comparable trees in control plots. Although experimental and control plots are generally mixed together in the same areas and therefore not entirely isolated from one another, the assumption is made that cocoa trees with greater densities of midges breeding beneath them have far greater fruit set because midges generally visit the flowers of these trees first, and before moving to other trees. Trees in control plots are therefore not exposed to greater numbers of midges. A greater amount of pollinating activity resulting from an increased abundance of ceratopogonid midges was expected to be manifested in a higher level of fruit set on trees beneath which midge larvae and pupae were greatly increased in number. A conservative criterion of fruit length of 10 cm or less was used to score trees for new fruit. A cocoa pod attains this length usually within 3 months after pollination, and the experiments lasted 6 months. Both healthy and aborted fruits were counted.
RESULTS
Although one of the farms (La Tigra) annually produced almost six times the number of flowers as the other (El Uno), both produced about the same number of cocoa pods (Table  1 ). An enormous burst of flowering which occurs in El Uno at the end of the dry season is conspicuously absent in La Tigra (Fig. 5) . The result, in both farms, is a peak in fruit set early in the wet season (Fig. 6) .
More than 90% of the flowers drop off in both farms. For a total of 1648 healthy buds thus marked (Distribution: 320, 560, 285, and 483 for the four trees), there were subsequently 1507 empty positions (282, 523, 252, and 450 for the four trees) giving an estimate of about 9 1% flower drop.
Six genera and twenty-one species of ceratopogonid midges were collected either as adults from cocoa flowers and foliage or as larvae and pupae from rotten ground-litter in the La Tigra farm while only three genera and seven species were collected in El Uno (Table 2) . One genus (Dasyhelea) and one undescribed species were found at La Tigra and not at El Uno, but all Forcipomyia spp. greatly increased in number (Table 2) . Of the very diverse La Tigra midge population samples, over 70% of the total number of individuals obtained were collected as larvae and pupae from the rotten banana stems and about 90% of these midge larvae and pupae were species of Forcipomyia (Table 2) . Almost seven times as many individuals were collected from La Tigra as from El Uno. Although as many as forty larvae and pupae were found in an individual disc of rotten banana stem in La Tigra, about 80% of all midge-occupied discs contained ten or less. Usually there were only 1-4 species of midges in a disc. The addition of rotten banana stems to the ground-litter in the La Tigra farm greatly increased the abundance of several species of Forcipomyia and a few other ceratopogonid midges but did not do so in El Uno. Although rotten banana stems comprised the smallest volume of organic substrate tested and only two censuses of it were made (Table 3), more midges were found in this than in the cocoa leaf litter substrates. The difference between the mean number (means + S.D.) of midges in TABLE 2. The distribution and abundance of various genera and species of ceratopogonid midges in two cocoa plantations (La Tigra and El Uno) in northeastern Costa Rica. Specimens were obtained by collecting from cocoa flowers, foliage, and sorting through rotten organic substrates (August 1978 -October 1979 . Approximately 15% of total field time was devoted to examining flowers, another 10% to sweeping the foliage of cocoa trees, and 60% to examining samples of rotten organic substrates (ground-litter, litter in simulated bromeliads, and banana stems) that were abundant in rotten banana stems in the La Tigra farm (Tables 2 and 3) , the three determined species (n. sp. nr. argenteola, sexvittata and cinctipes group) are either known to be or are very strongly suspected of being pollinators of cocoa (Winder 1977a; Winder & Silva 1972) . TABLE4 . The effects of different rotten organic substrates of pollinating midges on fruit set in cocoa trees in two plantations (La Tigra and El Uno).* Controls were deliberately increased to maximize taking into account any effects of inter-tree variation in fruit set. For a two-tailed test with 95% confidence limits, the only significant difference was between the mean fruit set of trees in plots of rotten banana stems and the two groups of control trees in L a Tigra (t = 2.69, P < 0.001; t = 3.86, P < 0.001). All trees were censused at the same time A greater amount of pollinating activity resulting from an increased abundance of ceratopogonid midges was expected to be manifested in a higher level of fruit set on trees beneath which midge larvae and pupae were greatly increased in number. A conservative criterion of fruit length 10-cm or less was used to score trees for new fruit. A cocoa pod attains this length usually within three months after pollination, and the experiments lasted 6 months. Both healthy and aborted fruit were counted.
The only significant increase in fruit set over controls was found for cocoa trees in the plots given rotten banana stems in La Tigra (Table 4 ). The increased abundance of midges in rotten banana stems is presumed to cause the increased fruit set. Midges were scarce in all the treatments in El Uno, and fruit set was also low (Table 4) .
DISCUSSION
The time span for the experiments with rotten banana stems was about 6 months, an adequate time period to increase midge abundance, and for the appearance of new fruit resulting from pollination within the period. Fruit resulting from earlier pollination is recognizable because it is much larger when examined. It is reasonable, therefore, to presume that the observed increase in fruit set at La Tigra reflects increased pollination and that this can be ascribed to the greater abundance of Forcipomyia midges. Owing to the effects of seasonality, there is the possibility that the midge abundance data from the banana stem discs is biased since samples were taken only in the wet season, thereby ignoring the dry season and its effects on midge populations and fruit set. However, studies in progress elsewhere in Costa Rica indicate that population densities of midges increase even more so in banana stem discs during the dry season (A. M. Young, unpubl. data) rather than being reduced. The short generation time of midges and the wide intervals between censuses of larvae in banana stem discs, precludes the determination of any changes in population structure during the wet season.
These results are consistent with an earlier prediction that the provision of suitable breeding substrates for ceratopogonid midges in cocoa farms would increase pollination and fruit set (Winder 1977b ). But it is evident from the studies presented here that not all cocoa farms respond to the experimental increase of breeding sites for pollinating midges. Thus, whilst the basic hypothesis that pollinator abundance can be limited by the availability of breeding sites is supported by my data, the value of these sites also depends on other influences such as shade cover. Simply stated, the inference from my data is that cocoa farms with heavy shade yield fewer flowers and discourage the growth of pollinator populations. It is necessary to examine a greater number of farms to confirm these predictions. Furthermore, the proportion of fruit set in a heavily shaded cocoa farm cannot be related to the abundance of pollinating midges or to breeding sites, but rather reflects an equilibrium between the number of flowers and pollinators with a seasonal large pool of flowers which satiate the midges at the time, a point discussed further below. Farms that have more flowers for most of the year in the absence of heavy shade also have a heterogeneous habitat for midges, and though they may accumulate a greater number of midge species more fruit is not set because the combined populations of pollinators cannot visit a large percentage of flowers before satiation effects set in. But increasing the availability of breeding sites in such a farm may allow some pollinator species to increase in abundance, and this response may result in increased fruit set. Poor setting in cocoa, other than from intrinsic physiological factors, results from environmental cycles of midge abundance and the overall 'healthiness' of individual cocoa farms to pollinator populations. Furthermore, pollen thieving by non-pollinating bees may also lower pollination, particularly when alternative pollen sources are not present (Young 198 lb) .
The colonies' choice of breeding substrates added to the ground-litter of a cocoa farm by Forcipomyia is dependent upon the presence of a resident pool of several species. Both the number of ceratopogonid midge species present before the experiment and their abundance was greater at the La Tigra farm than at the El Uno farm so more midges were there to colonize the discs placed on each farm. Apparently the midge species studied bred more freely in rotten banana stems than in layers of rotten leaves, whether on the ground or the simulated bromeliads. Leaf-litter appears to decompose more slowly than banana stems and banana discs to be colonized more readily than piles of leaves. They may produce more attractive breakdown products and be more vulnerable to attack. Over a long period of time if allowed to remain, leaf-litter may break down and become attractive to midges. The addition of rotten banana stems to the ground-litter increases the ecological space available to midge species thils relaxing population pressures associated with the natural distribution of suitable breeding substrates. The relaxation of population pressures and the occupancy of an increased or new ecological space by a species are two features of colonization (Lewontin 1965) .
Although some cocoa farms have many species of pollinating midges, these midges do not necessarily increase pollination because, as in the control areas of this study, these species are still too scarce to pollinate many of the flowers. The combined populations of all midge species can be very low under such conditions. Thus flower drop caused by lack of pollination is still high on a per tree basis. The conclusion emerging from these studies, as discussed below, is that it is more important to increase the population of midges rather than to increase the overall diversity of midge species. But the chances of successfully increasing the population of any midge species depends on the pool of species present. It is, howzver, important to point out that my estimates of flower drop came from a very small sample of trees which may not be widely representative of cocoa farms.
The ecological uniformity of the El Uno farm (i.e., a simpler tropical agro-ecosystem) probably restricts the midge fauna and this in turn stabilizes pollination activity at a low level. Under such conditions, any deliberate increase in the availability of breeding substrates has little or no impact on the midge populations since colonization rates by other species would be very low. The potential to raise pollinator abundance and subsequently pollination level is very low. A more heterogeneous ground litter such as that found in the La Tigra farm, on the other hand, probably promotes colonization by a greater number of pollinating midge species from the surrounding forest habitat than the very homogeneous ground litter of other cocoa farms. Midge populations under these conditions will exploit deliberately-increased breeding substrates. Ceratopogonid midges in general, including Forcipomyia, probably constitute a mixture of specialist and generalist species associated with tropical wet forest habitats, and possess varying degrees of ability life-history traits (Lewontin 1965) conducive for colonizing cocoa farms.
It seems somewhat paradoxical that there was a higher fruit set proportion in the El Uno farm where the midge fauna was more impoverished (Table 1) . But a key element to bear in mind is the absolute number of flowers available for pollination relative to the abundance of midges and numbers of midge species. The El Uno farm has a much lower overall production of flowers available for pollination, thus favouring a higher proportion of fruit set. While the midge fauna is lower than that of La Tigra, I hypothesize that some form of facultative equilibrium between abundances of pollinators and flowers has been established in El Uno. A small pool of available flowers, even when a midge fauna is low, provides the average individual midge with a higher frequency of encounters with flowers, thereby postponing any lowering of pollination frequency before it is satiated. I assume, of course, that midges visit flowers for food, most likely pollen. Stated differently, it takes the average midge a greater number of visits to different flowers to become satiated when flowers are scarce because the midge uses more energy to find them and hence requires more food before it is satiated. Where the abundance of flowers is low, the proportion of fruit set will be high relative to a farm where midges are 'swamped' with much greater numbers of flowers and satiation occurs quickly relative to the total pool of flowers present. Further studies are needed to explore this hypothesis and these are being planned.
Since increased abundance and diversity of pollinating midges is followed by increased fruit set in cocoa at La Tigra, tentative confirmation of the hypothesis that fruit set of cocoa in farm habitats is limited by pollination is acceptable. K. S. Bawa (pers. comm.) suggests that in some tropical trees, functional andromonoecy exists and ensures the maintenance of genetic variation within populations of self-incompatible species. In such pollination systems, there is a partitioning of reproductive effort and function among the hemaphroditic flowers in trees so that a tree produces a proportionally greater amount of functionally male flowers (pollen sources) and the physiological capacity for the tree to produce fruit is reflected in a lower proportion of female flowers. Pollination is not a limiting factor. The reservoir of functionally male flowers provides a source of genetic variation with other trees in self-incompatible systems such as cocoa. My data provide no support for this hypothesis for cocoa since fruit set is increased by increasing pollinator populations whereas it would not be if there were functional andromonoecy and equilibrium between abundance of flowers and the pollinator community. Further planned studies will explore these tentative results in greater depth.
The conclusion from my studies have bearing on the broad issue of the effects of habitat alteration by man on the diversity and abundance of species in tropical communities, particularly in the context of present agronomic practices for cocoa. The La Tigra farm represents a floristically complex agroecosystem with patches of natural forest while the El Uno farm is relatively simple. The La Tigra farm comes closer to matching natural forest and maintains a greater complexity of insect species, including ceratopogonid midges. Coexisting similar species are regulated by predators (Paine 1966) , disease, and other factors as are the degree to which each species is ecologically specialized (MacArthur & Levins 1964) . Specialization in habitats where several closely related species occur is often the result of competition for limited resources (MacArthur 1972) . The addition of an abundant supply of one particular kind of resource (breeding substrate) results in increases in populations of some species (i.e. some species of Forcipomyia midges) from successful colonization of these resource patches. The data therefore provide some indirect evidence of pollinators being limited in abundance by resource abundance.
My results also indicate the importance of maintaining a portion of the natural forest in the planning and development of cocoa farms. With a continued agronomic programme of adding and replacing rotten banana stems in such farms over a long period, it may be possible to stabilize pollinator abundance and pollination activity at higher levels. Although in any single farm bananas are only a temporary shade (Jones & Morrison 1952) an agronomic system can be worked out to ensure a ready supply of banana stems to supplement the cocoa farm ground-litter. The progenitor of cocoa in the Amazon Basin region of South America was originally self-incompatible and thrived as a forest understorey tree with a clumped and patchy distribution along inundated streams (Cuatrecasas 1964) . In this wild state, cocoa probably thrived in a habitat rich with many Forcipomyia and other ceratopogonid species, and therefore midge abundance was not a limiting factor for pollination. With its population distribution determined largely by seed dispersal behaviour of animals, wild cocoa is presumably in greater equilibrium with its pollinators and fruit set per tree higher than in cocoa farms, other conditions being equal. Present-day cocoa farms with some forest remnants (patches of wild trees) such as observed in La Tigra come closest to resembling cocoa in its wild state from the standpoint of pollinator population biology. Given the worldwide tropical distribution of Forcipomyia and other closely allied ceratopogonid midges, these findings may be applicable to cocoa farms in general.
